Abstract. Which groups G contain difference sets with the parameters (v, k, A.)= (q 3 + 2q 2 , q 2 + q, q), where q is a power of a prime p? Constructions of K. Takeuchi, R.L. McFarland, and J.F. Dillon together yield difference sets with these parameters if G contains an elementary abelian group of order q 2 in its center. A result of R.J. Turyn implies that if G is abelian and p is self-conjugate modulo the exponent of G, then a necessary condition for existence is that the exponent of the Sylow p-subgroup of G be at most 2q when p = 2 and at most q if p is an odd prime. In this paper we lower these exponent bounds when q =f. p by showing that a difference set cannot exist for the bounding exponent values of 2q and q. Thus if there exists an abelian (96, 20, 4)-difference set, then the exponent of the Sylow 2-subgroup is at most 4. We also obtain some nonexistence results for a more general family of (v, k, A.)-parameter values.
Introduction
A k-element subset D of a finite multiplicative group G oforder v is called a (v, k, J..)-difference set in G provided that the "differences" d1d2-1 for d1,d2 ED, d1 =f. d1, yield every nonidentity element of G exactly J.. times. We call v, k, J.. and n = k -,\. the parameters of the difference set. We call G the group of the difference set. If the group G is abelian, then we call D an abelian difference set.
The exponent of a finite abelian group G, written exp G, is the order of the largest cyclic subgroup of G.
A prime p is said to be semiprimitive modulo w if pi = -1 (mod w) for some integer i. An integer m is said to be self-conjugate modulo w if every prime divisor p of m is semiprimitive modulo Wp, where Wp is the largest divisor of w that is not divisible by p.
In this paper we obtain improved exponent bounds necessary for the existence of abelian difference sets with the parameters ( 3   2 2 2 2)
(v,k,J..,n)= q + q ,q +q,q,q , where q is a prime power that is not a prime and q is self-conjugate modulo the exponent of the group of the difference set.
The parameters ( 1.1) are a special case ( d = 1) of the parameters A.= qd(---) = qd(qd-1 + qd-2 + ... + q +I), q -I Takeuchi [13] gave the first construction for difference sets with parameters (1.1) for every prime power q. McFarland [12] constructs difference sets with parameters (1.2) with q a prime power in any group G (not necessarily abelian) of the specified order v that contains an elementary abelian group of order qd+l as a direct factor. Dillon [7] shows that McFarland's construction is valid under the weaker hypothesis that G contain an elementary abelian group of order qd+l in its center. Note that if G is abelian, Dillon's result extends McFarland's construction when q is a power of 2.
On the other hand, a fundamental result of Turyn [14] yields (as we show at the beginning of the next section) the following exponent bounds:
Suppose that there exists a difference set with the parameters (1.2) in an abelian group G, where q is a power of a prime p that is self-conjugate modulo exp G. Let P be the Sylow p-subgroup of G. Then exp P ::=: 2q if p = 2 and exp P ::=: q if p is an odd prime.
The main result of this paper is that these exponent bounds for P cannot be achieved for the parameters (1.1) when the prime power q is not a prime. For example, since p = 2 is self-conjugate modulo v = 96, there cannot exist a (96, 20, 4)-difference set in an abelian group whose Sylow 2-subgroup has exponent 2q = 8 or larger.
We also obtain some related nonexistence results for (q[(q + 1) 2 Let G be a finite abelian group. Then a character x of G is a homomorphism of G into the multiplicative group of complex roots of unity. It is well known that under pointwise multiplication the set of all characters of G form a group that is isomorphic to G. The identity of this group is the principal character, xo, that maps every element of G to I. If Du is the contraction of a difference set D in G with respect to a (normal) subgroup U of G, then DuDi;
Main results
We begin with a result of Turyn [ Proof Suppose that there exists a difference set D with the specified parameters in G. Then, by Corollary 2.2, exp P S 2q if p = 2 and exp P S q if p is an odd prime. We prove the Theorem by showing that the assumption exp P = 2q or q, according as the prime p is even or odd, leads to a contradiction. We can write P as the internal direct product P = (x) x (y1) x (y2) x ··· x (y,), where (x) is a maximal cyclic subgroup of P, that is i(x)I = expP; say l(x)I = pe.
Hence by Lemma 2.6, D contains a coset of U and a coset of V, and I U I = IV I = q. 
Generalization
The techniques used in the previous section can be extended to difference sets with other parameter values. Suppose the v, k, 'A, n parameters are related by n = pf 'A, where p is a prime and f is a positive integer. Proof. For all non principal characters x of G / U,
Since p is self-conjugate modulo exp G / U, Lemma 2. 
There is a corresponding factorization of <Pt: is a nonidentity element in Ur n U2. If l(y)I = p, then IKI > 1, so again U1 and U2 have a nontrivial intersection. Thus Theorem 3.5 implies that there does not exist a difference set with the specified parameters in G. D
